The objective of this study was to determine the biological protein value and rate of fermentation of saccharides in the caecum of rats fed diets containing wheat, hulled barley, or naked oats (cv. Akt), supplemented with P-glucanase. Sixty rats of an initial body weight of 71.3 g were fed for 28 days with diets containing 91.8-94.7% wheat, barley or naked oats, with or without p-glucanase in the amount of 1000 CU/kg, in subgroups W, B, O and WG, BG, OG, respectively. All of the diets were supplemented with lysine to about 5.5 g/100 g crude protein, and the barley diets with casein (3%). The feed efficiency ratio (FER) and biological value of protein (BV) were determined. At the end of the experiment the rats were euthanized and the caecum isolated. The weight, glycolytic activity and short-chain fatty acid (SCFA) content of caecal digesta were determined.
INTRODUCTION
Husked oats contain a large amount of hulls and therefore, fibre. The components of fibre are poorly digested by poultry and pigs, moreover, they lower the intestinal and total digestibility of other nutrients . As a result, the digestible and metabolizable energy contents of husked oats are low (Petkov et al., 2001) and its use in feeding monogastric animals is consequently limited despite its well-balanced amino acid content and the high biological value of its protein (Maciejewicz-Rys et al., 1985; . The development of naked oats was intended to increase the use of this cereal in the nutrition of highly productive monogastric animals. In comparison with husked oats, naked oats contain less fibre and more ether extract and crude protein. The content of crude protein ranges from 14.2 to 20.2% DM (Conciatori et al., 2000) ; the high-protein varieties contain less lysine and other essential amino acids in protein, which has a lower biological value (Valentine, 1987; Van Barneveld et al., 1998) .
Despite the dietary fibre content of naked oats being about 50% lower than in husked oats (Bach Knudsen, 1997) , its use in the nutrition of monogastric animals is still limited due to the high content of P-glucans and soluble dietary fibre (Bach Knudsen, 1997; Givens et al., 2000) . The unfavourable physiological effects of these components can be reduced by adding the appropriate enzymes to feeds containing naked oats.
In Poland, oats make up a large share of cereal crops and the area under cultivation with the first varieties of naked oats, Akt and Polar, is increasing. The results of experiments in which cv. Akt grain from seed plantations was used (Kosieradzka and Fabijahska, 2001; Petkov et al., 2001) are not sufficient to evaluate the nutritive and physiological properties of grain from commercial crops of naked oats.
The objective of this study was to determine the influence of diets containing naked oats, wheat or barley, with or without supplementation with p-glucanase, on growth, feed utilization, biological value of protein and indicators related to the function of the caecum in the rat.
MATERIAL AND METHODS

Animals and diets
Commercially cultivated naked oats cv. Akt, winter wheat cv. Wanda, and spring barley cv. Rodos were used. Body weight gain, feed efficiency ratio (FER), true protein digestibility (TD), biological value of protein (BV), and activity of FLIS M. ETAL. 667 glycolytic enzymes and rate of carbohydrate fermentation in the caecum of rats were determined.
The study was conducted on 60 Wistar rats aged 28-30 days and initial body weight of 71.3 ±2. 5 g. The rats were maintained individually in cages of organic glass in a room with controlled lighting (12 h), temperature (22-23°C), and relative humidity (appr. 70%). For 4 weeks 10 rats in the group were fed diets containing 91.8-94.7% wheat, barley or naked oats without (groups W, B, O) or with supplementation with P-glucanase (groups WG, BG, and OG). The diets were supplemented with lysine (to about 5.5 g/100 g crude protein), standard vitamin-mineral mixture AIN-93G (Reeves, 1997) , and an enzyme preparation, Hostazyme C, providing 1000 CU/ P-glucanase/kg (Table 1) . In order to equalize the protein content 3% casein was added to the barley diets (B and BG). Reeves (1997) 2 enzyme preparation containing 1000 CU/g endo-1,4-beta-glucanase 3 crude protein analysed, the other nutrients calculated on the basis of chemical analysis of feed ingredients 668 DIETS WITH B-GLUCANASE FOR RATS Urine and faeces were collected from 6 rats in each group for 5 days in the fourth week of the experiment to determine TD and protein BV. The amount of excreted endogenous N in faeces and urine was determined on an additional group of rats of a similar age and body weight, maintained on a protein-free diet. The FER was calculated as the ratio between body weight gain and feed intake during the 4-week growth period (gain/feed; g/g). At the end of the experiment, 8 rats from each subgroup were euthanized, the caecum isolated and weighed, the pH of its contents measured, and the digesta collected and analysed. The contents of ammonia, dry matter, glycolytic enzyme activity, and short-chain fatty acids (SCFA) were determined. The experimental protocol was approved by the local ethics committee and was in compliance with the recommended principles of euthanasia (Close et al., 1997) .
Chemical analyses
Dry matter, ash, crude protein, ether extract (after HC1 hydrolysis) were determined according to AO AC (1990) . Crude fibre (CF), acid detergent fibre (ADF) and neutral detergent fibre (NDF) were estimated using a Fibertec M apparatus. Gross energy was determined by combustion of feed samples in a KL 10 calorimeter. The p-glucan content was assayed using Megazyme tests, which employ lichenase and glucosidase to hydrolyse P-glucan to glucose after previous extraction of free sugars with 80% ethanol. Glucose from p-glucan was assayed using a test from Sigma (Infinity Glucose Reagent).
pH of the caecal contents was measured using a Hanna Instruments pH-meter, ammonia content by the Conway method, glycolytic enzyme activity by the method of Andrieux at al. (1992) , short-chain fatty acid (SCFA) content by gas chromatography. The samples were diluted with deionized water, centrifuged at 10 000 rpm for 5 min and the supernatant applied to the column. The analyses were performed using a Schimadzu GC-14A chromatograph with a glass 2.5 m x 2.6 mm column containing 10% SP-1200/1% H3P04 on 80/100 Chromosorb WAW. Column temperature was 110°C, FID temperature, 180°C, and injection chamber temperature, 195°C.
Statistical analysis
The results were subjected to bifactorial analysis of variance (3 species of cereals x 2 levels of glucanase). Averages were compared using the StudentNewman Keul procedure at two levels of significance (P<0.05; P<0.01). The calculations were made using the STATISTICA (v. 6.0) software package.
RESULTS
The weight of 1000 grains of naked oats was much smaller than that of wheat and husked barley ( Table 2 ). The proportion of husked grain was 6.9%. In comparison with wheat and barley, naked oats contained somewhat more protein in dry matter (13.03 vs 12.73 and 10.37%), and much more ether extract (9.65 vs 3.01 and 2.88%), respectively. It contained little CF, ADF, and NDF: 2.76, 3.88, and 13.08%), respectively. The naked oats grain had the most P-glucans (4.17% DM). The ratio of the p-glucan content to NDF in oats (4.17 vs 13.08, i.e. 32%) was double that in barley (3.35 vs 21.25, i.e. 16%>). The gross energy content of oats was higher than of wheat or barley. Feed intake over the 28 days of the experiment was nearly the same and equalled about 620 g (Table 3 ), whereas body weight gain was highest in the rats fed the naked oats diet, lower in those given barley, and the lowest in the group fed the wheat diet: 125.1, 113.3, and 100.3 g, respectively (PO.01). The feed efficiency ratio of the oat diet (0.202) was higher than of the casein-containing barley diet (0.183) and the wheat diet (0.162). The addition of P-glucanase did not affect feed intake, body weight gain, or feed efficiency ratio.
The rats fed the barley diets excreted significantly more nitrogen in faeces (463 mg) than the rats fed the oat and wheat diets, 403 and 359 mg, respectively (Table  3 ). The highest true protein digestibility was in the wheat diet, the lowest, in the barley diet despite the addition of casein. The biological value of the protein in naked oats was significantly higher than in wheat (69.1 vs 61.7), but lower than in barley supplemented with casein (79.3). The addition of P-glucanase increased protein TD, but only when the cereals were compared jointly with or without The amount of digesta in the caecum of the rats fed the oat diet was smaller than in the animals that received the wheat diet with similar NDF content (Table 4) . In comparison with feeding wheat, feeding naked oats also led to a reduction in the dry matter content of the caecum digesta, especially when expressed in relation to body weight (286 vs 360 mg/lOOg BW; PO.01). In rats fed the barley diet, which contained the most NDF, a significantly higher amount of digesta in the caecum and a higher dry matter content were found in comparison with rats fed the oat diet, whereas these parameters were insignificantly higher than in rats given the wheat diet. The addition of P-glucanase did not significantly affect the weight of the caecum (tissue and contents) or the dry matter content in the digesta.
The concentration of ammonia in the caecum contents was similar in all groups. The lowest pH was found in the digesta of the animals fed the wheat diet, both with and without the addition of p-glucanase (6.14 and 6.13, respectively), the highest was in the barley (both groups) and naked oats diet (the group without enzyme supplementation). The addition of p-glucanase to the diet containing naked oats led to a drop in pH of the caecum contents from 6.36 to 6.15 (P>0.05).
The activities of a-galactosidase, p-galactosidase, P-glucuronidase were lower in the caecal digesta of rats fed naked oats than in those fed wheat, whereas the activities of P-glucosidase and a-galactosidase were lower in comparison with those fed barley. In rats fed the barley diet, which had the highest NDF content, the activity of P-glucosidase was higher, and the activities of P-galactosidase and P-glucuronidase were lower than in the animals fed wheat. The addition of P-glucanase to the wheat, barley and oat diets significantly lowered the activities of a-and P-galactosidase and, insignificantly, those of the other enzymes determined in the caecal contents.
The concentration of SCFA per gram of caecal content varied (Table 5) . In comparison with feeding barley, feeding naked oats and wheat increased the concentration of total acids (P<0.05), more distinctly the concentration of propionic acid (P<0.01) than acetic or butyric acids. The addition of P-glucanase to cereals increased the concentration of acetic acid (PO.05), propionic acid (PO.01) and total SCFA in the caecal contents (from 79.70 to 89.14 umol/g; PO.05). The addition of glucanase to the oat diet was more effective than to the barley and wheat diets. In rats fed the oat diet, it increased significantly the concentration of propionic acid, and also the concentration of total SCFAs more noticeably (diet OG vs O by 16.6%, PO.05), than in those fed the barley (by 12.1%) or wheat (by 6.9%) diets.
The total pool of SCFA in the caecum of rats fed the oat diet was lower than in those fed wheat and barley diets (P>0.05). The species of cereal used in the diet influenced the SCFA profile in the caecum. Feeding naked oats decreased the proportion of acetic acid (PO.05) and increased that of propionic acid (PO.05) in comparison with feeding wheat and barley. 673 There was no significant interaction between any of the analysed indicators and experimental factors (P>0.05), which indicates that the addition of glucanase equally affected each of the cereal species.
DISCUSSION
The naked oat grain used in the experiment was slightly smaller (by 2.1 g per 1000 grains) than the grain of the same variety from seed crops (COBORU, 2002) . The share of husked seeds, which always occur in this form of oats, especially at the base of the ear, can be considered typical in comparison with the values reported in other studies (Christison and Bell, 1980) . The crude protein content of the oats was similar to the lowest values found in other experiments (Conciatori et al., 2000) , which may have been a result of the environmental conditions under which the crop was grown (poorer soil and less fertilization). The low content of NDF, ADF and CF, lower even than in wheat grain, as well as the high content of hemicellulose (70%) (the difference between NDF and ADF) indicate that the naked oats contained relatively little fibre that was indigestible in the gastrointestinal tracts of monogastric animals. The P-glucan content in the analysed Polish variety, Akt, was similar to that in Danish (Bach Knudsen, 1997) and British (Givens et al., 2000) varieties.
The rats fed the oat diets had higher body weight gains and FERs, 10% higher than in the barley group and 25% than in the wheat group. The lower growth efficiency of the barley diets in comparison with the oat diets can be explained mainly by the lower energy content of the barley diets, whereas the lowest efficiency of the wheat diets can be explained by both the lower energy as well as protein contents, since they contained the least methionine with cystine, threonine, and tryptophan (Table 1) . The results showed that naked oat was a good feed that stimulated the growth of young rats.
The distinctly higher BV of naked oats as compared with that of wheat (61.7 and 69.1, respectively), was in agreement with other experiments, in which the BV of wheat supplemented with lysine was 62.5, naked oats 78.7 (Kosieradzka and Fabijahska, 2001 ). In our experiment, the highest BV was found in the rats from the barley group, which should be attributed to the high value of barley protein (Horaczyhski, 1989) and the presence of casein in the diet. The addition of p-glucanase significantly increased the TD of cereal grain, but not to a degree having practical significance (on average by 0.9 percentage points), but did not affect urinary nitrogen excretion, the growth of rats and feed utilization, regardless of the species of cereal.
The smaller amount of caecal digesta and dry matter in rats fed oats indicates that the components of naked oats were more susceptible to digestion before reaching the end of the small intestine than the components of barley or even DIETS WITH 6-GLUCANASE FOR RATS wheat. These results are in agreement with those obtained in pigs, in which ileal digestibility of the dry matter of a wheat diet was 68%, whereas that of a diet with naked oats, 71-76%), and energy digestibility, 74 and 77-81%), respectively (Van Barneveld et al., 1998) .
The lower glycolytic activity in the caecum of rats fed the oat diet, in comparison with those on the wheat and barley diets, could have resulted from the oat diet's higher fat content (8.04 vs 2.49 and 2.29%). It was found that adding fat to the diet of rats lowers enzyme activity and the number of bacteria in the caecum (Mallett et al., 1983 ). An additional factor could have been the smaller amount of substrate in the caecum of the rats fed the diet with a reduced fibre content. Probably, for this reason the addition of P-glucanase lowered the activity of microbiological enzymes, especially a-and P-galactosidase.
The saccharides of naked oats and wheat were more susceptible to fermentation than those of barley, which is indicated by the higher concentration of acetic and propionic acids and total SCFA in the digesta of rats fed diets O and W. This could have been the result of the lower fibre content in comparison with diet B. In the large intestine of pigs, found higher degradation of the nitrogen-free extractives and dietary fibre of naked barley, which has less fibre than husked barley, 68 and 54%> vs 55 and 33%), respectively. The smaller amount of digesta reaching the caecum of rats fed oats and the high susceptibility of saccharides to fermentation indicate that the components of naked oats are readily available to monogastric animals.
The addition of p-glucanase increased the susceptibility of saccharides, including P-glucans, to fermentation in the caecum, as indicated by the significant increase in the SCFA concentration per gram of digesta under the influence of glucanase supplementation, which was most distinct in rats fed naked oats (group OG vs O), having the highest p-glucan content. Microscopic analysis of digesta of pigs (Johansen and Bach Knudsen, 1997) showed that without the addition of glucanase, oat p-glucan remained in the untouched structures of seed endosperm walls until it reached the distal small intestine, but was completely disrupted in the caecum. The addition of glucanase in our experiment may have accelerated the liberation of p-glucans from endosperm cell walls in the small intestine, which led to increasing the fermentation rate in the caecum.
The smaller total pool of SCFA in the caecum of rats fed oats was the result of the significantly smaller amount of digesta and dry matter in comparison with the rats fed wheat and barley.
Changes in the acid profile, i.e. the reduction in the proportion of acetic acid and increase proportion of propionic acid in the contents of the caecum of rats fed the diet containing naked oats could have been caused by the greater fat content of this diet. A similar effect of fat on the SCFA profile in digesta in the terminal small intestine and in faeces was found in studies on pigs (Bakker et al., 1996) .
CONCLUSIONS
The nutritive value of naked oats is high; the feed efficiency ratio (FER) was higher than that of wheat and barley with a small addition of casein; the BV of protein was higher than in wheat. The carbohydrates of naked oats seem to be more susceptible to digestion before reaching the caecum than those of barley or even wheat, which is indicated by the smaller amount of digesta and dry matter in the caecum of rats fed the oat diet. The susceptibility to fermentation of the saccharides of naked oats and wheat in the caecum of rats was similar and higher than in barley. The addition of P-glucanase did not increase gains, feed efficiency or the biological value of protein of the cereals, but increased the SCFA concentration in caecal contents, most considerably in the rats fed the oat diet, which had the highest P-glucan content.
